restoration, hair cell regeneration needs to be conducted in the context of extensive cochlear restoration, either back to the original morphological configuration or into an alternative design featuring sensitivity and tonotopy, combined with longevity of the newly introduced cells (Fig. 1d) .
We divide this perspective into two parts: in the first part, we discuss current basic research in inner ear cell regeneration, as well as the unraveling of key genes involved in cochlear development and cell proliferation control. In the second part, we focus on therapeutic approaches and roadblocks, including delivery of cells, genes and small compounds.
Laboratory-based results
Nonmammalian vertebrate hair cell regeneration reveals existence of inner ear stem cells. In 1988, Corwin and Cotanche 5 and, independently, Ryals and Rubel 6 reported that cochlear hair cells regenerate after acoustic trauma in birds. The two reports hypothesized similarly: ''that regenerated hair cells originate from mitotic divisions of supporting cells or some unidentified latent stem cells'' 5 and ''that the regenerative potential is retained in adult animals, suggesting that a dormant stem cell population is retained throughout life'' 6 . In contrast, the mammalian cochlea is unable to regenerate hair cells after ototoxic insults 7, 8 . However, in 1993 it was reported that hair cell regeneration in response to aminoglycoside ototoxicity occurs in the vestibular sensory epithelia of adult mammals, albeit to a far less impressive extent than had been seen in birds 9, 10 . Hair cell regeneration in all these instances seems to originate from supporting cells that reenter the cell cycle when neighboring hair cells are dying. Mitotic supporting cells subsequently divide asymmetrically, generating new hair cells and supporting cells. In some instances, a phenotypic conversion also described as transdifferentiation into hair cells has also been observed. This mechanism is potentially faster in generating hair cells than the asymmetric division of supporting cells, but it also requires subsequent divisions to replenish the supporting cell pool.
Asymmetric division of supporting cells to generate replacement hair cells and to make identical copies of themselves is a defining feature of somatic stem cells. Other regenerating sensory systems-for example, the olfactory neuroepithelium-use resident precursors for cell replenishment during natural turnover; in addition, they harbor a quiescent adult stem cell population for complete regeneration after massive injury 11 . It is compelling to argue that with the exception of the mammalian organ of Corti, hair cell-bearing organs too are bona fide stem cell systems in which all or a subpopulation of supporting cells serves as dormant or latent stem cells.
This concept was explicitly tested by Li and colleagues 12 , who demonstrated that the adult vestibular sensory epithelia of mice do harbor cells that proliferate in vitro. When subjected to low density and nonadherent culture conditions, these inner ear stem cells were able to generate clonal floating colonies, so-called spheres. This adapted version of the neurosphere assay 13 demonstrated capacity for selfrenewal, which is the defining feature of stem cells. Sphere cells were able to differentiate in vitro into cells expressing markers for mature hair cells, supporting cells, or neurons, and they were able to differentiate into cells positive for hair cell markers and having hair cell-like morphology after grafting into inner ears of chicken embryos. More confirmation of the concept that supporting cells can serve as stem or progenitor cells came from experiments in which supporting cells from the embryonic chicken utricle were progressively expanded and subsequently differentiated into hair cells 14 .
It was not surprising that the adult mammalian vestibular system harbors cells with stem cell features, because vestibular sensory epithelia have regenerative capacity 7, 8 . Nevertheless, it was unexpected that cells isolated from neonatal organ of Corti tissue showed stem cell features 
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Box 2 Anatomy and physiology of the cochlea
Of all sensory hair cell-bearing organs, the mammalian cochlea, which converts sound waves into neural signals, is probably the most specialized and most complex. The organ of Corti within the cochlea (Fig. 1a) OHCs play a key role in the frequency-specific amplification of basilar membrane motion; they connect with their stereociliary bundles to the tectorial membrane, an acellular structure that covers the organ of Corti along its entire length.
When sound travels through the middle ear, it is transmitted to the base of the cochlea via the stapes, which causes displacement of perilymph in the scala vestibuli, leading to movement of the basilar membrane (Fig. 1a) . This displacement results in a traveling wave that moves from base to apex and reaches a maximum at a specific place along the basilar membrane corresponding to the frequency of the stimulus 46 . High frequencies-up to 20,000 Hz in humansare represented at the cochlear base, and low frequencies-down to 20 Hz in humans-correspond to apical locations. This spatial arrangement of frequency representation and detection is called tonotopy. The sharp frequency tuning at a specific basilar membrane location is governed by the properties of an active system, the cochlear amplifier, that is attributed to OHCs. Nevertheless, frequency tuning also depends on other components, such as extracellular, cellular and molecular structures. Examples of these are the tonotopic changes of mass, composition and stiffness of the tectorial membrane 47, 48 ; differences in hair cell morphology, such as cell and stereociliary length and compliance 49 ; and physiological differences, such as the changing conductances of the mechanoelectrical transduction channels along the tonotopic axis, which has been observed in nonmammalian cochleae 50 . It is unclear whether a connection with the tectorial membrane will re-form, how far it will stretch over the new hair cell area and whether the hair cells will be appropriately stimulated by movements of the basilar membrane.
such as the ability to generate clonal spheres and subsequent ability to differentiate into cells resembling hair cells [15] [16] [17] ( Fig. 2a,b) . Other experiments, discussed in more detail below, also revealed that neonatal cochlear supporting cells feature proliferative potential and the ability to generate cells expressing hair cell markers in vitro 18 ( Fig. 2a,c ). Both studies found that this proliferative potential is lost between the second and third week after birth in mice 15, 18 (Fig. 2d) . The identity of the specific supporting cell type(s) that have sphere-forming capacity is unknown, but it is conceivable that the identification of more cell typespecific markers will provide the necessary tools to answer this important question. Because cells do not disappear from the neonatal organ of Corti, it was hypothesized that the extensive cytomorphological specialization and the maturation of organ of Corti supporting cells lead to a loss of regenerative competence, which may be an explanation for the inability of the organ of Corti to replace lost hair cells 16 .
From an evolutionary viewpoint, it is puzzling that the adult mammalian organ of Corti has lost its capacity for self-repair. We argue that, in general, acquired hearing loss is a modern-day disorder exposing an apparent deficit in mammalian evolution whereby the ability for cochlear self-regeneration was lost. Nevertheless, it is a reasonable assumption that the organ of Corti has evolved from a structure with the capacity of self-repair, because all other hair cellbearing organs do replace lost hair cells. The existence of limited hair cell repair potential in the developing and neonatal mammalian cochlea also supports this idea 15, 18 . In the next section, we explore how the reexpression of genes usually expressed early on in development may be one potential way of replacing hair cells and restoring hearing.
Generating replacement hair cells by reexpressing Atonal homolog 1 (Atoh1). The basic helix-loop-helix transcription factor Atoh1 (also known as Math1) has emerged as a candidate for gene-based treatment of auditory and vestibular disorders 19, 20 . Atoh1 is expressed in the prosensory patches that give rise to the auditory and vestibular sensory epithelia [21] [22] [23] . The Atoh1 gene is essential for hair cell development as its targeted disruption results in the absence of auditory and vestibular hair cells 22 . Moreover, misexpression of Atoh1 in cultures of the embryonic and postnatal organ of Corti generates cells with morphological and molecular correlates of hair cell identity 23, 24 . These data have served as rationale for a series of recent studies to test the potential of Atoh1 misexpression to generate functional hair cells in vivo.
Kawamoto and colleagues misexpressed Atoh1 by adenovirusmediated gene transfer in the adult guinea pig inner ear 19 . The mechanical infusion of viral particles into the endolymphatic space causes a hydrodynamic lesion that damages hair cells while simultaneously inoculating the epithelium (comprising of the organ of Corti) with the Atoh1-encoding virus. Atoh1 expression was detected in nonsensory cells in the organ of Corti 4 d after inoculation, and the hair cell marker Myosin7a was present in some infected cells at 60 d. The newly formed cells attracted neurofilament-bearing processes and seemed to display immature stereociliary bundles. The authors therefore suggest that Atoh1 misexpression converts nonsensory cells into hair cells. In subsequent work, Izumikawa and colleagues showed that adenovirus-mediated expression of Atoh1 in the organ of Corti of deafened, adult guinea pigs can generate hair cells, which seem to contribute to improvement in auditory brainstem response thresholds 20 . The cellular mechanism responsible for this de novo production of hair cells is not known, though the authors indicate that an increase in the number of nuclei in the organ of Corti of Atoh1-transfected ears could be explained by migration of transfected cells into, or clonal expansion of cells within, the damaged regions. Although the improvement of auditory brainstem response thresholds was detected in a limited number of guinea pigs and the effect was variable, the data suggest it may be possible to manipulate the fate of nonsensory cells to generate sensory cells with the potential to improve auditory function.
A fundamental prerequisite for restoring hearing in the hair cellcompromised inner ear is to generate functional hair cells. Gubbels and colleagues established an in utero gene transfer technique to conduct gain-of-function studies in the developing mouse inner ear that permits postnatal analysis of sensory hair cells 25 . They microinjected an expression plasmid encoding Atoh1 and green fluorescent protein (GFP) through the uterus into the early otic vesicles of embryos. Otic epithelial progenitor cells that give rise to the organ of Corti were subsequently transfected by in vivo electroporation. Supernumerary and ectopic cells were generated that expressed Myosin7a and displayed stereociliary bundles at their apical surfaces. These putative hair cells associated with neurofilament-bearing processes that traced back to the cochlear nucleus, and they expressed the ribbon synapse marker carboxyterminal binding protein-2 in their basolateral domain. Moreover, postnatal electrophysiological analyses indicated that the Atoh1-transfected cells showed mechanoelectrical transduction currents and age-appropriate basolateral conductances. Although these data demonstrate that it is formally possible to generate functional hair cells by Atoh1 misexpression in the developing inner ear, auditory brainstem response thresholds at postnatal days 28-35 still indicated elevated auditory thresholds. These data are consistent with the observation of altered auditory function in mouse mutants that produce extra rows of hair cells 26, 27 .
Atoh1-based strategies to restore auditory function face inherent limitations. Hearing loss caused by a genetic mutation affecting the function of the sensory hair cell itself cannot be corrected by Atoh1-based intervention because new, equally defective hair cells would result. In this case, a co-therapeutic would need to be delivered with Atoh1 that corrects the primary defect in the induced hair cells. The principal constraint on such a therapeutic modality is the inability to sufficiently control the temporal and spatial expression of multiple genes simultaneously. However, hearing loss caused by aminoglycoside antibiotics, antitumor drugs, loud sound or aging may be amenable to Atoh1-based strategies. On the other hand, Atoh1 probably generates hair cells by the transdifferentiation of supporting cells, whose subsequent depletion could destabilize the structurally intricate cytoarchitecture of the organ of Corti (Fig. 1) . The reported increase in cell nuclei in the damaged organ of Corti in response to Atoh1 expression 20 leaves an interesting open question about the mechanism by which Atoh1 could function in restoration of the overall cell count.
Generating replacement hair cells by disrupting Notch signaling. In the normally quiescent bird auditory epithelium, hair cell regeneration seems to reactivate developmental programs, and the Notch signaling pathway is probably the one we know most about. During development, Notch receptor activation suppresses hair cell differentiation by means of upregulating Hes and Hey genes, which are potent inhibitors of Atoh1. Interference with Notch function, for example by elimination of Notch ligands 28 , results in more than the usual number of hair cells (supernumerary hair cells). Likewise, Notch inhibition during zebrafish lateral line hair cell regeneration and in the regenerating bird auditory epithelium increases the production of new hair cells, without showing effects on undamaged sensory epithelia 29, 30 . The latter experiments were done using g-secretase inhibitors, which suppress the activationdependent cleavage of the Notch intracellular domain that is needed for functional signaling. Application of g-secretase inhibitors to embryonic and neonatal organ of Corti explants results in robust production of supernumerary hair cells 31, 32 , an effect that was initially also observed by antisense oligonucleotide knockdown of Notch 1 and Jag 1 (ref. 33 ). Prolonged pharmacological g-secretase inhibition also seems to induce mitogenic proliferation of supporting cells in embryonic organ of Corti cultures 32 , an effect that has also been observed in the regenerating zebrafish lateral line 30 . However, recent experiments on damaged adult guinea pig organs of Corti are less encouraging: local application of gsecretase inhibitors resulted in formation of a few-less than one per 200 mm cochlear segment-ectopic hair cells and no recurrence of outer and inner hair cells 34 . These results point to a possible loss of competence of the adult organ of Corti to respond to interference with Notch signaling inhibitors. It seems that further investigation is needed, particularly of other signaling pathways that are interwoven with Notch signaling, before one should draw conclusions about possible pharmacological approaches to hair cell regeneration, particularly in adult mammals.
Generating replacement hair cells by inhibiting cell cycle inhibitors.
In birds and many nonmammalian vertebrates, supporting cells are able to produce new hair cells through two mechanisms: transdifferentiation and mitotic regeneration. In the latter process, normally postmitotic supporting cells reenter the cell cycle, divide and give rise to both hair cells and supporting cells. An essential question is whether the mammalian supporting cell is terminally postmitotic, having permanently lost the capacity to reenter the cell cycle, or whether manipulation of genes that regulate cell cycle progression could induce the supporting cell to reenter mitosis. The answer may lie with the cyclin-dependent kinase inhibitor p27Kip1 (also known as Cdkn1b), which occurs in the developing organ of Corti from embryonic days 12-14 and correlates with cessation of cell division of the otic epithelial progenitors that give rise to hair cells and supporting cells. In the maturing inner ear, p27Kip1 is downregulated in hair cells but its expression persists in all classes of supporting cells. Targeted deletion of p27Kip1 in mice generates supernumerary hair and supporting cells, suggesting that p27Kip1 expression in differentiated supporting cells may be critically relevant to the incapacity of the mammalian inner ear to regenerate 35, 36 .
In a strategy that takes cognizance of these findings, White and colleagues addressed the regenerative capacity of mammalian supporting cells in an elegant series of experiments 18 . They isolated supporting cells from the neonatal cochleae of mice expressing GFP from the p27Kip1 promoter using fluorescence-activated cell sorting. The p27Kip1-GFP + cells were cultured with periotic mesenchymal cells known to supply the necessary factors to support growth and differentiation of embryonic cochlear sensory progenitors. Sixty percent of the GFP + supporting cells downregulated expression of p27Kip1, and 40% incorporated the thymidine analog BrdU, indicating that the cells reentered the cell cycle. After 6 d in vitro, about 3% of the cells were immunopositive for the hair cell marker MyosinVI, and 20% of these cells had incorporated BrdU. Fourteen-day cultures showed cells expressing phalloidin-labeled protrusions that were immunopositive for the hair bundle marker espin. These data suggest that neonatal mouse supporting cells are capable of generating sensory hair cells by both transdifferentiation and mitotic regeneration after p27Kip1 downregulation. Interestingly, the regenerative features of isolated supporting cells were only detectable in neonates and not in adult animals, an observation that parallels the finding that sphere-forming stem cells also occur only in the neonatal organ of Corti 15 (Fig. 2) . The failure of older supporting cells to reenter the cell cycle was shown to correlate with a failure to downregulate p27Kip1, which provides clues about the potential mechanisms leading to lack of regenerative potential in the mammalian cochlea 18 .
Mitotic regeneration is of particular interest as a therapeutic modality because restoration of auditory function in the damaged inner ear is almost certain to require the concomitant replacement of both hair cells and supporting cells. p27Kip1 is an attractive control point, though its permanent inactivation is likely to lead to uncontrolled growth of cells. Temporal control of p27Kip1 function, perhaps through pharmacotherapeutics, would need to be spatially restricted to the inner ear to sidestep deleterious effects in other organs. Clearly, identification of candidate regulatory proteins that may be suitable targets for therapeutic intervention is only a first-although critical-step in defining translational approaches to restoring auditory function.
The enormity of the challenge in manipulating cell cycle progression to stimulate functional hair cell regeneration is highlighted by recent work with the tumor suppressor gene retinoblastoma (Rb1). The retinoblastoma (Rb) protein it encodes is a member of the pocket protein family that is crucially involved in regulation of cell cycle exit, differentiation and survival. Rb is upregulated in embryonic and postnatal hair cells, leading to the idea that its function is required to maintain their quiescent state and that its manipulation could lead to the production of functional hair cells.
Conditional inactivation of the Rb1 gene in developing otic sensory epithelia leads to the overproduction of vestibular and auditory hair cells 37, 38 . Sage and colleagues showed incorporation of BrdU into progenitors in the zone of nonproliferating cells defined by p27kip1 expression at E13.5, indicating that Rb-deficient sensory progenitors had reentered the cell cycle 38 . Notably, BrdU incorporation in the organ of Corti after hair cell specification seemed to label Myosin7a + cells, suggesting that Rb-null hair cells reentered the cell cycle. Rb-deficient utricular hair cells at E18.5 showed weak mechanoelectrical transduction currents, suggesting that they were functional. Mantela and colleagues 37 , however, identified pathological changes within and outside the organ of Corti in Rb-null mice, including apoptosis and polyploidy in Rb-null hair cells.
The subsequent generation of an inner ear-conditional Rb-null allele permitted postnatal analyses of auditory function 39 . This confirmed previous findings that proliferating hair cells reenter the cell cycle and 
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show mechanoelectrical transduction. However, at 3 months of age the Rb-null mice show total hair cell loss, and brainstem audiometry indicates that they are profoundly deaf, suggesting that Rb plays further roles in hair cell maturation and survival. Weber and colleagues acutely inactivated Rb in postnatal cochlear hair cells using an inducible Cre under Atoh1 regulatory control 40 . About 40% of the Rb-null hair cells reentered the cell cycle by P4 though they did not progress through cell division. Rb-null hair cells were rapidly lost beginning at P4-P15, no supernumerary hair cells were detected, and click brainstem audiometry indicated profound deafness. These postnatal studies indicate that permanent inactivation of Rb function alone will not permit functional mitotic regeneration in the diseased inner ear.
Therapeutic approaches
State-of-the-art treatment for hearing loss consists of devices such as hearing aids for mild to profound hearing loss, and cochlear implants for profound hearing loss and deafness. Hearing aids amplify sound, thereby counteracting threshold shifts caused by the loss of cochlear amplification, generally a result of OHC loss. They require intact IHCs for sound transduction to the cochlear nerve. A viable option for patients suffering from IHC loss is the cochlear implant, which consists of a curled linear array of up to two dozen electrodes that is placed into the scala tympani. The electrode array directly stimulates auditory neurons and preserves some cochlear tonotopy. Despite their successes, hearing aids and cochlear implants are not perfect. In particular, the efficacy of cochlear implants differs greatly among patients; frequency discrimination and performance in noisy environments is a prevailing issue. The advent of regenerative medicine has kick-started the search for biological treatment strategies to restore cochlear function, and the advances we described above are beginning to be translated into potential treatment strategies. These strategies are discussed in the next paragraphs.
Stem cells and cell delivery. Several laboratories have begun to explore the implantation of stem cell-derived precursor cells into the damaged cochlea. These studies reported limited survival of the cell grafts, and only a few cells were found integrated into the host tissue. Despite some evidence for differentiation into mature cell types, no robust and unequivocal occurrence of new hair cells was observed (ref. 41 and references cited therein). However, these experiments were done with neural stem cells whose capacity to generate inner ear cell types is unknown. Consequently, it remains to be determined how inner ear stem cells or embryonic stem cell-derived otic progenitors 42 will perform in transplantation studies; these cells have competence to differentiate into hair cell-like cells, and they are probably a suitable choice for cochlear hair cell replacement studies.
Still, the prospect of cell transplantation being able to regenerate hair cells (and possibly other cell types of the organ of Corti) remains dim unless several technical and conceptual issues are addressed. These cochlea-specific roadblocks exist in addition to general safety considerations, such as prevention of tumor formation and graft-versus-host disease. First, it is unclear how grafted cells would be able to reach the whole expanse of the cochlear scalae, particularly along a wide frequency range. In humans, the stretched-out organ is longer than an inch, and it is difficult to imagine repopulating the organ from a single injection site. Second, one potential target compartment, the scala media (Fig. 1) , is filled with an extracellular solution rich in K + (B150 mM), providing a challenging environment for transplanted cells. Third, integration of cells into the damaged organ of Corti requires breaking the tight and adherens junctions at the organ's apical side. No studies thus far have investigated the potential of stem or progenitor cells to overcome adult organ of Corti cell junctions. Fourth, the grafted cells must be able to efficiently home in on the organ of Corti. Only new hair cells situated in correct locations on the basilar membrane have a chance of being activated by basilar membrane movement; grafts integrated at other locations may not work, and could even compromise cochlear function. The goal should be to generate the correct number of hair cells in the correct location, as small changes in hair cell numbers or supernumerary hair cells have been shown to result in hearing loss [25] [26] [27] . Fifth, signaling pathways to direct differentiation into the correct hair cell types with correct hair bundle orientation would have to be active in the damaged adult organ of Corti. Finally, even repopulating the damaged organ of Corti with correctly innervated hair cells might not be sufficient because of the potential lack of support structures such as the tunnel of Corti or disconnection from the tectorial membrane (Fig. 1d) . It is unlikely that grafted otic progenitors have the potential to magically convert a damaged organ of Corti back to the undamaged state. It is more reasonable to assume that a repaired hearing organ will probably still be somewhat compromised in its function.
Gene delivery to the inner ear. Effective therapies to ameliorate the effects of inner ear disease are likely to involve not only manipulation of suitable target genes and/or transplantation of cells, but also the equally complex task of defining atraumatic delivery of these therapeutic agents. The inner ear maintains an ionic asymmetry between endolymph and perilymph that is essential for mechanoelectrical transduction 43 . Physical entry into the membranous labyrinth to deliver bioactive reagents to the sensory epithelium of the organ of Corti must not permanently compromise this delicate ionic homeostasis. In addition, viral vectors used for gene delivery vary widely in the cell types they infect, the size of promoter and coding region they can accommodate, and their potential to trigger an undesirable immune response 20, 44 . At present, there is no ideal vector system and delivery method for therapeutic, exogenous gene transfer to the mature inner ear. A crucial need in the field is to pair otolaryngologists, basic science researchers, and engineers to address these issues collaboratively.
Small molecule modulators of gene expression and pharmacotherapeutics. Many of the difficulties specifically associated with progenitor cell transplantation and gene delivery can be overcome with small molecule activators or inhibitors of gene expression. It is conceivable that local delivery of a compound that temporarily inhibits p27Kip1, retinoblastoma, or other cyclin-dependent kinase inhibitors expressed in the organ of Corti 45 would lead to cell proliferation. Suppression of cell cycle inhibitors, however, could be playing with fire, because unregulated cell proliferation carries the danger of tumor formation. It is therefore imperative to focus on compounds that specifically target the damaged organ of Corti. For example, cell cycle inhibitors that are specifically expressed in the organ of Corti, such as p27Kip1, would be a much safer target than those ubiquitously expressed in the cochlea, such as retinoblastoma. Atoh1-activating compounds, on the other hand, would be useful in initiating hair cell differentiation in the organ of Corti, where, at least shortly after hair cell loss, supporting cells seem to be competent to respond to Atoh1 expression. The Notch pathway is also involved in Atoh1 regulation, and g-secretase inhibitors seem to be effective initiators of hair cell formation in the embryonic and neonatal organ of Corti, but they lack efficacy in the adult organ. The encapsulation of the cochlea offers an advantage for localized drug treatment, which would potentially allow the use of drugs that cannot be applied systemically. At present, however, no effective compounds that directly address appropriate cell cycle inhibitors or Atoh1 gene expression are known, and manipulations of Notch signaling seem to be not very effective in the adult organ of Corti.
Conclusions and outlook
Substantial progress has been made in recent years to accumulate tools that potentially can be used, alone or in combination, to develop strategies for hair cell regeneration. Grafting of stem or progenitor cells, viral gene delivery, and manipulations that affect Atoh1 and cell cycle genes have all reached the proof-of-principle stage. At the same time, the accumulated knowledge of organ of Corti function-the integral interplay of OHC-based cochlear amplification, micromechanical movements and the importance of accessory structures such as the tectorial membrane-revealed a plethora of new challenges for cochlear hair cell regeneration. A systematic elaboration of these roadblocks is needed before it will be possible to judge whether mammalian cochlear hair cell regeneration will become a viable treatment option for future generations of people suffering from profound hearing loss.
Nevertheless, these challenges also bring opportunities for new discoveries. For basic science studies, we expect that the next decade will reveal many more aspects of the developmental principles underlying cochlear cell type specification. Exploration of new technologiesfor example, the direct conversion of supporting cells in the damaged cochlea into a progenitor cell state-will require more knowledge about transcription factors that define the otic lineage. Likewise, we need to study in much more detail the molecular and cytohistological changes that happen in supporting cells in the organ of Corti after damage. These cells are the key targets of all the manipulations that we have discussed in this perspective. On the translational side, we expect that some of the proof-of-principle studies that we discussed will be refined-for example, by combination of specific strategies such as Atoh1 expression and temporary interference with cell cycle genes. Finally, the ball is in the court of bioengineers and clinician/scientists to develop appropriate devices and methods that will allow us to deliver progenitor cells, gene therapy vectors and drug candidates to the appropriate locations inside the cochlea, so that it will be possible to develop better animal models for regenerative studies. Overall, the task of regenerating cochlear sensory hair cells has not become less challenging, but recent advances now allow us to define the issues that still persist much better than ever before, which is providing a much-needed framework allowing the systematic study of potential treatment options.
